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Background

This experiment will expand upon Experiment Three.  Previously, tensile tests were performed only on skin from chicken legs.   The ability of skin to withstand stress and strain is conferred by the proteins collagen, keratin, and elastin.  Moreover, stress and strain properties of skin vary with age, gender, moisture levels, and the region it was originally covering.  Previously, it was investigated whether mechanical properties vary between wet and dry (defined as 80% of original mass) chicken skin.  Results from the indicated that only Young’s modulus changed significantly (p<0.05, Table 1, Appendix) between wet and dry samples. In this experiment, stress and stain dependence on anatomical location will be assessed. Since the mechanical properties of skin has been known to change significantly depending on the region of the body it was taken from1,2,3, this experiment will investigate whether mechanical properties will differ across skin taken from three different regions:  ventral, dorsal, and leg. It will be important to keep the skins hydrated, as it was demonstrated in the original experiment that mechanical properties change with moisture levels of the skin (Table 1, Appendix).    
Hypothesis/Objective an Aim(s)


It will be hypothesized that the mechanical and material properties of skin taken from three different regions—ventral, dorsal, and leg—of chicken skin will vary signifiicantly.  Ultimate stress, ultimate strain, fracture stress, fracture strain, and Young’s moduli will be measured as before.  Secondary objectives will be to investigate the effects of thickness—first, whether it varies across anatomical regions, and subsequently, how it changes mechanical properties regardless of the skin region.  Strain hardening effects cause by dermis and epidermis layers will also be investigated4.  
Equipment
Major Equipment

· Instron 4444 benchtop materials testing machine – will be employed for tensile testing.  The machine allows the experimenter to adjust the crosshead speed and sampling rate accordingly.  In this case, they will be adjusted to the same parameters as in the original experiment (20 mm/min and 15 samples/sec). The digital interface of the program will create force-displacement graphs that will be necessary in calculating Young’s moduli, ultimate stress and ultimate strain from the subsequent stress-strain curves.  
Lab Equipment

· Scalpel, scissors, ruler and cutting board – will be use to cut the skin samples into the appropriate dimensions.  
· Weight set (500kg, 1kg, 2kg) – will be used to verify the load cell transducer settings of the Instron.  
Supplies

· Markers – will be used to mark regions of the skin reserved for the clamps as well as indicate points where thickness will be measured.  
Newly Purchased Equipment
· 10 Perdue chickens (whole) – whole chickens of the same brand will be chosen to minimize variability in the animals.  
· Mitutoyo (0-25.4mm) Digital Micrometer (+ 0.0001mm) - will be used to measure thickness of chicken skin samples.  The replacement of the manual non-digital calipers with this more sophisticated instrument will allow the experimenters to measure to the nearest 0.0001mm as opposed to 0.1mm.  
· Dowel Rods - to be cut down to 6-cm in the Mechanical Engineering laboratory by staff prior to class time.  By briefly inserting the rod between the clamps prior to tensile testing, the distance between the clamps can be double-checked.  This procedure will aid in defining the no-load configuration of the chicken skin. 
Proposed Methods and Analysis

· Set-up Instron 4444 machine as detailed in the manual.  Harvest the skins from the 10 chickens.  Use the scalpel to cut the dorsal, ventral, and leg skins down to 6 x 2 cm rectangles, not including the 1-cm clamp allowance at both ends (see diagram). Repeat for all samples, leaving 3 groups (ventral, dorsal, and leg) of 10 samples each.  Find the thickness of each sample by averaging the measurements taken at three different locations.  
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Figure 1.  Illustration of skin samples and appropriate marks that will indicate the region for the clamps and the points where thickness will be measured.  

· Use the 6-cm dowel rod as an aid in defining the no-load position.  

· Perform tensile tests on all 10 samples in each of the three groups.  
· Make stess-strain graphs from force-displacement curves as before, using loading rate of 20mm/min and sampling rate of 15 samples/sec. Remember to keep the skin samples hydrated by leaving them immersed in water until testing, since the original experiment found significant changes in Young’s moduli when the moisture content was decreased (Table 1, Appendix).  
· Find Young’s moduli, ultimate stress and ultimate strain values for each sample in all three groups.  Perform ANOVA test for all three properties.  
· In addition, analyze the relationship between thickness and ultimate strain, ultimate stress, and Young’s moduli.  Create a linear regression for ultimate strain and thickness and determine the R2 value.  In addition, perform ANOVA to determine if variations in thickness in the three groups is significant.  
· Measure strain hardening effects by calculating Young’s moduli for the linear region between the first dip an the second (ultimate) dip.  Conduct t-test between 2 sets of Young’s moduli.  

Lab period breakdown

12-1pm 

Harvesting of chicken skin

1-2pm 
Cut down skin samples to size with scalpel.  
Draw marks as illustrated in Figure 1 of Protocol.  Record thickness at three locations for each skin sample with a digital micrometer. 

2-5:45 pm
Tensile testing with chicken skin samples.  3 groups of 10 samples each need to be tested.  
5:45 -6 pm
Clean up.  

Potential Pitfalls & Alternative Methods/Analysis


The Instron grips cause uneven distribution of the force.  In the original
experiment, the chicken skin ruptures always occurred near the clamps, where the strain is not uniform.  Error from caused by rupture in these regions, called the St. Vernant regions​4, will be reduced provided the crosshead speed is maintained throughout all tests.  

The definition of no load position can also contribute to errors.  If the skin is not

taut, it becomes difficult to ascertain which region of the stress-strain curve can be analyzed for Young’s Modulus. Error from this can be reduced by making sure a 6-cm dowel rod can be inserted between the clamps.  This additional step ensures that the skin between the clamps measure 6 cm in height, as marked earlier in the experiment.  However, even with this check, the stress-strain curves might still have regions of zero or minimal slope during which the skin is still slack.  In this case, a minimum cut-off value for stress will be selected in order to discount the non-linear regions at the beginning of each curve where the skin had not fully reached its taut (no load) state.  Moreover, the number of data points used for Young’s moduli calculation should be equal to the amount of data points in the sample with the smallest linear region.
The health—excess fat, exposure to additive chemicals or growth hormones—of 

the chicken is also a factor that cannot be controlled.  Errors caused by variabilities in the poultry will be minimized by purchasing whole chickens as opposed to separate cases of drumsticks and breasts and selecting the same brand of chicken.  In addition, moisture levels should be maintained throughout all the samples by keeping the skin immersed in water until testing.  

Strain hardening effect can be more apparent in some samples than others.

When strain toughening occurs, the mechanical strength of the skin increases as the collective dislocations from the breakage of the dermis and then epidermis layers resists further deformation4. In a stress strain graph, the strain toughening effect is represented by dips in the positive slope region of the curve (Figure 2 and 3, Appendix).  Inadvertent punctures or damage to either layer caused by careless handling may dampen the effects of strain toughening, which will consequently affect the ultimate and failure strain.  Errors from can be accounted for through the thickness measurements.  
Budget

	Mitutoyo (0-25.4mm) Digital Micrometer, 
Product Number 293-330
(+ 0.0001mm accuracy)
	$176.32
(from www.msi-viking.com5)

	2 Dowel Rods (Walnut)

3/8” diameter, 36” long
	$2.18

($1.09 each from www.Amazon.com)

	100 Perdue chickens, whole 
(2 groups will share 10 chickens)
	$1200

($12 per chicken at
The Fresh Grocer)

	Total
	$1,378.50
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Appendix
	
	Initial Geometry (mm3)
	Failure Displacement (mm)
	Failure Force (N)
	Failure Strength (Pa)
	Failure Strain (mm/mm)
	Young’s Modulus (N/m)
	Ultimate Stress (N/m)

	Wet Skin
	106.9x20.1x1.4 

(11.7x2.0 x0.3) 
	28.0410 (8.9828)
	14.8885 (3.3768) 
	5.2528x105 (1.4580x105) 
	0.2434 (0.0812) 
	4.13x106  (1.08x106) 
	6.0978x105 (1.101x105)

	Dry Skin
	105.6x16.3x1.4

(9.0x5.0x0.1)
	32.7864  (5.6204)
	14.6273 (5.2730) 
	6.9466x105 (3.3283x105)
	0.2850 (0.0608) 
	3.41x106   (1.10x106)
	7.4480x105 (2.8742x105)


Table 1. Data from the original Experiment Three, where “dry skin” was defined when the mass of the skin samples had decreased to 80% of its original weight.  Shown here:  mean (standard deviation) of the failure properties of wet and dry chicken skin samples. The mean initial geometry of each sample is also given (length x width x thickness).  The p​one-tail​ value was greater than 0.05 for Young’s modulus, but less than 0.05 for all other properties.  
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Figure 2. Stress versus strain curves (from the original experiment) of five wet and five dry chicken skin samples subject to tensile loading until failure.  Breakage of the dermis layer can seen as the small dips in the positive slope regions of dry samples 1-5.  
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Fig. 3. A stress-strain curve of fresh rat skin showing sudden failures of skin layers and the strain toughening effect (Guan4). 
